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QUARTZ GUARD RI NG CROSS- REFERENCE TO RELATED

APPL| CATI ON [ 0001] This application claims priori t%/
WQ28/08800ent Provi si onal Application No. 60/ 85BCEA52007/022080

filed Cctober 16, 2006, which is incorporated herein

by this reference i RY [0002] In

accordance with one@%m@qﬁ? ctrode ass]errbl y

for a plasma reaction chanmber used in sem conduct or

substrate proceSS|no co orlses an u--er el ectrode; a
PrREFEH E FOR ATION chabl e to an

loﬁmer surf 1ch 1%1{ cltglhn% o;ﬁr? éir%)rl irjf % & 8{%8 rtor\]flreégj n%p{}?)ﬁltlc%rtlon No.

6()'7@5’2bﬁ1f5 fﬂB&j dcﬂfb@i £6] 2000MitNR iHERPsratdheAtebPthis Merence in its
upper el ectrode. [0003] In accordance with a further

engirdpdi ment, a guard ring for use in an el ectrode
assenbl y of a pl asma reaction chanber used in
sem conduct or substrate processing wherein the
StEVIdMARYde assenbly includes a showerhead el ectrode
bonded to a backi ng nenber and a confinenent ring
(0862 e nlin| aycgdam@m&sonewénlmd@mrrtoﬁbelafég@ﬁwwmbtlh@rgfmi@sma

reddifdd ¢ Sn'{Ber WBe¢in s%m%J fdflcdol \ibs S’t FGUALSSh Lt 1stes ba%t e
Ao Het he ng merber - a

periphe

elélﬁroti@hﬂﬁa‘tkmfg nﬁdfiﬂbd? Otihé lbﬁkﬂdi@memlb&gatﬁﬁﬁfﬂﬂ@{oyan dﬂﬁﬁr gliﬁcd of the
ring having a | ower surface adapted to overlie the

upp ¢Ct§191ﬁf atdeano?utqrnmglﬁpgeuncbn@@m p@gesurfage ofithebgcking member

met hod of
a“@?%%‘ sqbﬁ §e e & R? @t:ﬁ‘gg g%esrterec{rggl n a plasm
[Oﬂﬁlﬁ”@@ ﬁcdoFdHan@IW'ﬂﬂ aafﬁrtﬁér%@ﬁlfo@dﬁerﬂseﬁ@m&ﬂ ¥inB @ U3 i electrode
upper el ectrode; a backing nenber, the backi ng nenber

asaetnnbalz & plasme reastiop plambag usestia semiqoRduGipTIbSIE e PFACEHINE
tge fﬁ%‘e éié'étfpge ak&%&ﬁ;}‘fnc&t‘z‘ﬁgb ng)o@égh%ﬁte?éctr%ﬁé B&?o% atbQ?kmg

ng ne er SUF

méhberapp arcopfigshém ditg avdeaibly suridvadsiie féw&tr@@é’f&fsbﬁlﬁ@ the guard
supporting a sem conductor substrate on a | ower

ring| eomprisee auguatdf@lwcmé‘lﬁureéﬁ@ﬁbbwe@m@ pegeperihept ¢fghe backing
mesmlbeﬁ'%na arn?eté gegréghreo gétt t:ﬂg me% 16 8%%1 %gI%Rg%! e qul%Pd xil%havmg a

loREIOReRSe @@a‘{atddrtb @vé‘rlﬂé'tl@ém’@er anﬂace bﬂﬂ%&@lp&geléchﬁ)de
sem conduct or substrate with the plasna. BRI EF

10844 CRnETsadproe wrh@mm@dlmea]mﬁh@ ofipreprsviag s
BRI APOERL  AL  AARRANSRE Lk gy v
upbarvdlétgroalegalbddlinfgl membdrOthe 6)]aclﬁhg3meﬁlbshmhable to an upper surface of
cross-sectional view of a portjon of the showerhead
thepeper elggode; and an outer ring surrounding an outer surface of the backing
member and located above the upper surface of the upper electrode, wherein the method
comprises: supporting a semiconductor substrate on a lower electrode in the plasma
chamber, the lower electrode being separated from the upper electrode by a gap;

supplying process gas into the gap and energizing the process gas into a plasma; and

processing the semiconductor substrate with the plasma.
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assenbly of FIG 1. [0007] FIG 3 shows a
cross-sectional view of a portion of the showerhead

WeRUBHYE assenbly of FIG 2 conprising an upBef/US2007/022080
el ectrode, a backing menber and the guard ring. [0008]

. f uard rin 0009] H G
m&mm—ﬁg& t he gugr d[ ri ng] of
[0605p FIGRhQRews H%rdsk@&t@nal&uew{/ 604 %o@r&ad@l&h&% assembly of a

cross-sectional view of he guar ri ng i n accordance
plasmareagter @nb@hnng@nbstraﬁecwmzqngralggardrrusmovxs a

OB R0 o RSBy GBS oo

asSnsy @ARRS Wi th one enbodi nent. [0012] FIG 8 shows a
cross-sectional view of the guard ring in accordance
[0097]1h ElkoBisheweastass-restional \dox of 2 pptiondf sheghewarhead electrode

nal view of | t he
a%ﬁﬂi@ pREf Attty ?P@%@F“aodéuaaﬁ%cken%qm%ﬁg and the guard ring
Or Kl 4 hidv Bt(ﬁ) viewlofge giakPdhgrent . DETAI LED
DESCRI PTI ON [ 001 The fabrication of an i ntegrated
IOQOQ]CLEIG érshpws 9|grqs&|8¢qtlon@19~um ofwtherguard mngof 6. #abang the line 5-
5sllce of high-purity, single-crystal sem conductor
mat eri al substrate (such as silicon or germani um
[06E0] eRlCR 6" ok &k crosEa&dtionamiveéw iof thehhRLiRbintaecédance with one
se uence of physical and chem cal processing steps
imérdr m t he various circuit structures on the wafer.

[omm%aé%sagg@% QBB ERR BB oR 5 e B et e
baEﬁﬁE MRS hEHAR a 3Bard iR lac@rdARE Wath dre chiboditféht.

il Tcon dioxidé films, chem cal vapor deposition to
[0@121d Ude. Sishpesa cr<§st¢Q§1@nald41@b< plthe caal reng ingepordanae) wiigh another
f.il.ns, and sputtering or other techniques to produce

enbbtoﬁlg}’e%t al films. [0015] After depositing a filmon

[0018] SEIG. ORREWS h Rfos¥v@édibnallviéw WPk fokiodlofEiid uppRt electrode and
properties of sem conductors are produced by

bagkipg memher A guatd) ring i dc¢argance Wit ﬁ\ﬁb@r thleodlment
sem conductor crystal lattice using a process called
dopi ng. The doped silicon wafer may then be uniformy

DEVAIEED'WERCRIPIFION ayer of photosensitive, or
radi ation sensitive material, called a "resist." Small

(09 nelhe febpeatioaofien euegraied girwiteclép expigadly beaing avitha thive

pofisriStbe EFYisbotfitel Sl RS e esPlty! PR E b el o

silRoA ®R gErmadniken) EHlle@halvatrC1 B4 vt'af@zaf% b6tjBct8do Deeqdemarpe physical
on a glass plate called a "mask" and then optically

and sherowal preeespiaestens than prithe Spegusadrcwin sisugtygs on the wafer.
During the fabrication process, various types of thin films may be deposited on the wafer

using various techniques such as thermal oxidation to produce silicon dioxide films,
chemical vapor deposition to produce silicon, silicon dioxide, and silicon nitride films,
and sputtering or other techniques to produce other metal films.

[0015] After depositing a film on the semiconductor wafer, the unique electrical
properties of semiconductors are produced by substituting selected impurities into the
semiconductor crystal lattice using a process called doping. The doped silicon wafer may
then be uniformly coated with a thin layer of photosensitive, or radiation sensitive
material, called a "resist." Small geometric patterns defining the electron paths in the

circuit may then be transferred onto the resist using a process known as lithography.
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phot osensitive coating. [0016] The I|ithographed resist
gattern is then transferred onto the underlyi

PY8(04390¢ ne surface of the seniconductor mat ng%VIUSZOWOZZOSO
t hrough a process known as et chi ng Vacuum pr ocessi ng

DGIAE Bl RORC o Hh i dbrh PR AL oF AR ) stas

plaepliad S 'gnaR" @ﬁ&fﬂeﬂ@ pB¢allapaiel) dpiBJth@& dnd tidnefevra@ BHd the
chanber and appl i cat| on of a radio frequency (RF)

photasewpitive qogtingjas t o energi ze the gas into a plasm

OB A e R R U TR Rty

suffac@Hfe séﬂﬂoﬁddcﬂ%@ﬁat@ﬁa@ eirb@gfa ProceRKAOHA ab @fchingd NERuum
therein. The cathode is negatively biased with respect

preeessing cbmmﬁ@s aggengrally umdafph@tr:hmman@ chenpigalyaper depgsipen (CVD)

f q(} over g .S Ui tabh n

of et o it YRGS Buciasait x0 ERbRetaory e iE g ageuum

chamebr A1 a@EﬂcatQﬁ"@?a rhdib Ifr%quéTBSl (RE) Belansltherfs @ endrizéltRSzas into
t hereof wth G2, N2, or Ar is introduced into the

alé@%mﬁgtechanber and ITB.I ntained at a pressure which is

[OBY'H' C)§\llre tllvé1 10t heﬁchn}laéé)ﬁ q% {yg c%ﬁ% T&?ofjﬁpﬁ%q ﬁégﬁrﬁ@et‘ii%wth an

'S 'provi ded” Wt

upper ¢18dtfgdle Bk )dn@hesdﬂﬂ ras@wlert d1EqH@D of bﬁh@deqs‘dsrtmﬂed tHekdint MRe
chanber. The electric field established between the

cathede & nagativele biesechwitk respeqt te) t@@@@dt’a@r@ thp eontaiger Wolds. gle wafer

o SRR oy FAGE FRASE ol bR ARG oh St BY

1 on |ve IO S an

chemigally weactive E@s‘ sakh af C_Fn CHRNECHE,, HBrNOl, ahe SEY6i @q:)@ul@ﬁ thereof
the wafer. The electric field created by the

wigh @e,tha Hisoriris ingrodpegsintobe Fféhi@gthamh@ apgdmprdeteined at a pressure
wh1?1l1J 54 callp in ytHQS 'lﬁi?orr fanélé eTB{] X sogﬁﬁdet g P ov1ded with gas hole(s),

vertil ca Irec roces

wlﬁbl@ﬁé&ﬁﬁﬁthwﬁghé todef uniemmeditpeeseld| tiroagle ﬂﬁcbléiﬂtldﬁﬁ\ﬂitb the chaber.

etching reactor electrodes may often be fabricated by

T@Mr@ﬁ@lﬁ@st@bh%ﬁ betaeen thei qnggle ardrihe cathage yyill dissociate the
h L t
refGR 020 Bl AP 1AL, RAC OF il UGRITR! L SANMEHINS ineraction

witl@E8Ltivd ions dnEhpdmRnRh08snsSE Of Itlﬁﬂahs MtiRMigQhe ﬁlrface of the
portion of a _showerhead el ectrode assenbly 100 of a

walprashhe qhecsiieSelidiciraigitvethe elsetredes MIHgttwwxerla@Se@ thexgathode,

¥ oL Gyihand RO SIELRARHi g 0K ARSEIELY 3R
prédeds producdsavell-dfinedveich Ry etchatbidelwlls. Tihe ehinggehgacklectrodes
el ectrode asse% 100 al so includes_a plasna

maypeftanfenta 11‘(&-)tqu,ggfnéqre éipsglém&ﬁr@mheés. yumechanically
co zlﬁﬁ%lr?‘g)rorel? tal’ig a&n{hﬁg{z g\%sl ﬁoxgﬁg%rng%ietﬁﬁ%% _o??unction.
[0018) RI@. d showga Wdasswlbﬁamdav bhe pbﬂl@hlolﬂg shewddeadldbetrode
asgar;r(ljbly 100 of a plasma processing system for etching substrates. As shown in FIG. 1,
the showerhead electrode assembly 100 includes an upper electrode 110, a backing
member 140, and a guard ring (or outer ring) 170. The showerhead electrode assembly
100 also includes a plasma confinement assembly (or wafer area pressure (WAP)
assembly) 180, which surrounds the outer periphery of the upper electrode 110 and the
backing member 140. The guard ring 170 surrounds the backing member 140 and
preferably is positioned or centered around the backing member 140, such that during

thermal cycling of the plasma processing system, the guard ring 170 minimizes the
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preferably is positioned or centered around the

backing menber 140, such that during thermal cyclin
WBR08480¢ asma processi ng system the guard riﬁéT@$9%7m2”mo

mnimzes thevariation in a radial gap 200 between the

vl LA R b P TR SRR opfgimgh ssembly

180U 3 ¢hn'YeRPpreéfitddhaadhBugdinthe @fek fifi b Buatll fig a 70 @agHomEin
ion etching system the guard rjing and centering
coppaetiorewith afedsdve kuctelingsystem, she guasd Bng pad eeptering features can

inckuding a clean-getc st e
s BB G B A Bl o 4ah P4y,
[001¥]t r'THe d¥Berhisly 100 3lso amdduded aulgial oot mkttber TOX aup @ upper
el ectrode 110 preferably includes an inner el ectraqde
platp d04.ahbe uppes s@m@@q ldureterablsinchidawan moer efgrqds P, and an
| egt r ' raf e I b ndrd .
orff iRk B FEhR ol o8l 2L RAl patean
mAEPRadel dOsisge byl §ificér) ETHe B¥eking InkGiie@d @0 $&irand thé Bner
outer electrode 130 with an elastoneric material. The

elgstroe hg0 mrtbépulmgleéta@dq RO wideamelastameric ButdtiahgThebasking
1 t Kj f ,
i )RR S el P BTE Bl b PBacking

ménibérNdn] ¢othe Bhelify mefi®eg i id cbﬂnFﬂselﬁ(ﬁ aSsiiglotyltiRirichieplate, the
backi ng menmber 140. Alternatively, if the backing .
gugtchiveg [ iipurfoynds e bpekingmeapenit(. whisanatiglyanf thedagking member

acking ne r 150, 1 h r ' 0, d
1493 £GP PalIRA Fhn bl 0O BnabP iy Batncrhig 307 1 o Rk ng 170
is adPe&RY toeadoelElt bode bakegakybdiOboas shown in FIG 1

is typically used with an el ectrostatic chuck (not

[002{Jwnbhershopathead elegirodeciseambdy 409 ppehovaniniGe b istypigally used

iy HBBREHEH, HRSEE Bk Rl AP LR ORI o which g aer s
suppcrteddphceda o @h belowthauppdr ¢etrodAatiorAn sxihplasf kuvh a plasma
Exel.an(r) dielectric etch systens, nade

by Lam. .
Pregesting sYstam isybpaielld plase type esnster, suchps the Egékﬁﬁ@:ﬁek@kﬁrwgftch

S REFRIRSIEN IR, IR BSOS el
arapérhelts plolRiertéhperafurdi@itrol 6£ths fnaiferdgtsopplyidgtackedehelium
and the chuck. [0021] The upper electrode 110 is

(Hedpesosvd | vehighupantinhs 18 rate of hegs trarsiercheayeqpehe W@feéam? {he chuck.
[ogﬂga ﬂ{e‘%{@%ag?tg@ﬁgg'??Qéonshglggl%%ﬁﬂwg&gﬁh&t erteéljdg?d S

hower e € provi ural
pesipaicgitl. alnad pre fpaed dhbotiaicge thassg erctiéfe, 1 10hs a Bhewerhedd
a size and distribution suitable for_supplying a .
elgsirode peovisied withha plyralidy ehwpaged-apartgps disehasgepassagss 18agwhich are

f I ' : i :
o B R 37 R SEARS EDSPLR, NGO ORiioa b e
elasodernd fobd phlsma in B ¢dadterns zenefeasdth tiearppeneesrdde 110.
assenbly (or wafer area pl enbly) 180

(00421 c T heshpygrigad Flﬁ@rm¥§er%§gﬁgé1 \é@g)”’t??‘ifeﬁ & plaspconfinement
as&nfiY (Q9Cafdlfe 2P shh BwRAS KL RehbTHTRE! Wil surtOndR RS SRer

periphery of the upper electrode 110 and the backing member 140. The plasma
confinement assembly 180 is preferably comprised of a stack or plurality of spaced-apart
quartz rings 190, which surrounds the outer periphery of upper electrode 110 and the
backing member 140. During processing, the plasma confinement assembly 180 causes a

pressure differential in the reaction zone and increases the electrical resistance between
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confinenment assenbly 180 is preferably conprised of a

stack or plurality of spaced-apart quartz rin 190,
WQRIEH4804 r ounds the outer periphery of upper gFE’éItSFQ%'V@ZZOSO

110 and t he backing nenber 140. During processing, the
AR R SR 0 B PR n D SR bicen the
uppkegédtiodall 10 asd giedower diedtiwde itdiehsvem)ct i on chanber

wal | s and the plaspa thereby confining the pl

lomlmelawireweu&?s prigncana S 1FOmae b lpsgmibo the chamber
vogllorﬁff ‘Iil{;](fe)%)glﬁrt%ﬁq}le BH:Q%%)M l[hg?)?aﬂna?ﬂ Hlf? ﬁlel{‘gfctltoﬁllzﬁﬁmber The

cofififeta@it of el asnaind tH@ﬁbétﬁdrﬁcHahtbepis%&*&Mtﬁ)anf nidhg fadtasincluding
within the reaction chanber. The confinement of the

thspasing bebveendhe eqdnemsnicrings P, the peessura én theieastiopghgmber
t . yEac .
o 3 e ORI, RS O AT BT g, o

welldssthél & vef arldfeequendyl sTeRIEpdwerl W@Seﬁfétdlvlerpldshﬁ q@hﬁﬁﬂ’ﬁent the
the type and flow rate of the gas,

pressyiIoussp e sqifasaenbringl 9&oﬁhevld bege low @éé?ﬁswée mr%fgmly less
L S R

bebvesed thdreohfi@mehd IhmgsOll90 is kafstrﬂﬂrrﬂ'lyplc@lﬂy taf@a@hgsﬁﬁ.lﬁ?mches or
nmore easily acconplished if the sp ac:ltn et ween th
lessdhFGaHER: FoF cppiyrpgmenyoHpwevasy the spagng o ﬁgﬁ ergyw eylenhrmgs 190 also
degegﬁl e@gh regu“l_e[g Vt\g@épﬁ%%eanggglg Id%%ra%f‘eotﬁgtr s oga%fnﬁecrarlgrl])te adjusted
to Athigee th9 Preabigo retpired forrupsintah prqomqmrfbﬁnmfcetvhﬂlephamming
and it is desirable that the spaci ng can be t ed
Plasyag dpesse 2AE0TY A28 SYRPlY eowppleeal tp s}gecsaqiq HeQ Ltsilé@g or more

pa?s%gés"l'iﬂﬁ‘é‘gfpy%la'teel(f@'fﬁ ? ?'tl{le% 1?h{'§ g%lteda&lgﬁlgﬁ%ng ﬁﬁmofé)m

s supplie 0 elec rough one

vegticallp spacpd apagbafile platddeand passes fratigh g9 4istrThaiondmldsH@o in the
is distributed through one or npre vertlcall spaced

elegrade 1 Hatorqvenly disnsesehripio5ess @as e raefieryzene 1
[o(ﬁj‘iﬁt ”rﬁé% %1&%8@1%&% rékleIa%g s?é%ﬁ% f&ﬂﬁorﬁee}@fﬁg%%&om

perse e process g ion z
thn[claﬁb’&éfroﬂfh@ntdn fiest seben) toadeulz@dgs Theahatraddcyrode pRA AT have a

di sk or ate hav ng a uni formthjckness from center
digrpgfer sopal {%ﬁ} afloecalﬁ Bubllargsg rn atyades tﬁ%rpr%qeé%qdr Bde U 59300

mn‘ﬁaff tl'f@fllﬁte"’ls FHaQE'E §hglS WR)staf il Tc&?'?vhlé’rﬂfé%e Ingxm&um 'dﬁa r of
e'p SN

han a waf er rocesse
cuh’eetl;ph\aillabllesmgMHystﬁl shicogl matemgls lFair pméssnrgrﬁOMmahafms the

ougg;&cng)écligrﬁ nﬁtﬁ‘f{%&fgﬁg %%?%%gggf%%%%geﬁ%%eeuo from
t
abBft ] ?’8‘%%?@?90 T AR TG erHledpaBdIRLAE LS @ oTRAB, member

(eignalpedy-siticabmembar? smahdsasnng'fm aosmgmented eembed ¢ g,30-6(mparate
be a continuous. nmenb poI -Si |

segnjgiHs agange uh@)rmg&pn été‘?ﬂe ﬁlll(‘éloas gnts ts1ﬂg e cgyséaef silicon).
THRERMr IR B &I MRND 1 Hl?ﬂ& eb Hlu"l’txﬂl I;ﬁ@%ﬁgﬁ? R Edr Mjecting a

such as segnments o single cryst
process gas into a space in a plasma reaction chamber below the upper electrode 110.

[0025] Single crystal silicon is a preferred material for plasma exposed surfaces of the
inner electrode 120 and the outer electrode 130. High-purity, single crystal silicon
minimizes contamination of substrates during plasma processing as it introduces only a
minimal amount of undesirable elements into the reaction chamber, and also wears

smoothly during plasma processing, thereby minimizing particles. Alternative materials
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The inner electrode 120 preferably includes multiple
8as passages 106 for injecting a process gas into a

pUEE4344a pl asma reaction chanber bel ow the BppF2007/022080
el ectrode 110. [0025] Single crystal siliconis a

o5 L TP oS SRR R FERORFY AR B i i

anti QN Bttelkhiplesi ngl e crystal silicon mnimzes
contam nati on of substrates during pl asma &hoce55|n

[0826]i tInjcanfiguratiens, dwishowerhead elegtrogaossembdy 1Qhisdange gppugh for
s into the reaction a SO
rSSRTRI e AP BebdfE bR R Rl RS o300 mm.
Fop 600 inh @&Siferé“ th€tpyik eleetrodd El0i iahslehaB00 aiin hedidfecer f BIfowever,
pl asma- exposed surfaces of the upper electrode 110,
the shaweakeadieicctraianssemblyAl0Q can §e siged tpopracess oties vafes sizes or
sub QUL A Secibdifar SOENEIRRY #) ectr ode assenbly 100

arge nou sing | arge substrates, such

[0637]S EFIC: Qrsduﬂ 8 l’crd&@-ﬁ&ﬁ@nﬁl&%xﬁ of & poiitidieif ¢ie dowdffadelectrode
For 300 mm wafers, the upper electrode 110 is at |east

asgoeblyref FIO.di- aveshen indiley arthe showveshradeiastrade assemblyolho
ma ées% iﬁ {)ge&ﬁo%quo t'hg ‘8Ldlte¥ Qle!r‘?tzr: q%el%% &%hﬁﬂer%@{ﬁtg%ﬁ{eﬁl%ﬁr 150,
u .

avi n non- ton

thé oty l])acElr? membéra\es, the ©uRS 6r geed Hapalo Vdnd\»ﬁh@f)laﬁna confinement
portion t he shower head el ectrode assenbly of FIG

nrzgs 128 Ehswh cpnﬁgurelor@, the fienes pleprspdecldd lépe&ra@aéo -extensive with
thg Aec% é{o 1§§’e zici}dhtgg o{rl]tgggle%t (%Cl%b%jgo n_%g[gnSi%%\%lt{l the

suﬁ@hlﬂiln@ Bﬁd’fdlrfg]mmﬁélel@l GhwdveE tiedingér Kacking aienbier 190 leQextend
and the plasma confinenent rings 190. In such

beyomd thgumner elsagode 9 sugh that dedacking sembsr 140 (Fl6r d) ean Be a single
di%ﬁ%reﬁgt nl’?atY e\é}@ EJ‘ dfé)'ﬂ?% 61“2“ %fl%lbe"ilgclfljoﬁg I%Q;%a{he ]oﬁ%ﬁ g%@ﬁiode 130.

er e O-extenstve w th

THeUhgefdirode D2Ckid e oerbelkctidl. 13bavepeferaili attichae to the inner
backi ng nmenber 150 can extend beyond the inner

ang|onter bé@@ne_@@@eréﬁ 5000 witk ap aléktpﬁ’ﬁrlﬁéﬁ%% méteriag| Ehe inner
o RgE S 150 AL, St Bl A PR 0 BBk es 1061 e

infdretdctrode 1 2360 prdvide gaew @ite cliorsakinal pfdcesihgtdhembeit €The gas
el ectrode 130 are preferabl y attached to the inner_ and
pagsages | faefitheingebasking member1lgl typieallydive p sAregigS glabout 0.04

mgh%g%fglg Sﬂ%g E)%sgé eg-gliigg ox %qfé?é%%ﬁ% Jgge %fcaﬁggavmg a diameter

of @BSRANESS ihbiesi N the inner el ectrode 120 to provide gas
flowinto the@l? asma- proceSS| ng chamber. The

1008 e asking e dr0 B Fcpartganennns 16 rcaeegably
o8 oAb Iyl U 0 s
seimasondgctar glibatrateein thé plakma prodeSity dhlanibels hayd2a@dffidibet of thermal

nner hacki ng nenmber 150 and outer
exlafuwecm gqull)gglggphmg that of the electrodg materla?l dﬂ)r are eqbctrlca]fly and

thermally conductive. Preferred materials that can be used to make the backing member
140, including the inner and outer backing members 150, 160 can include, but are not
limited to, graphite, SiC, aluminum (Al), or other suitable materials.

[0029] The inner and the outer electrodes 120, 130 can be attached to the inner backing
member 150 and the outer backing member 160, respectively with a thermally and
electrically conductive elastomeric bonding material (not shown). The elastomeric

bonding material allows for relative movement between the upper electrode 110 and the
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made of a material that is chemcally conpatible with
Wgrocess ases used for processing sem conductor

aH${H80¢s in the plasma processing chamber, RaUAS07/022080
coefficient of thermal expansion closely matching that

: ' i
baftinb BEteP 140 G b lress BB Rl TR bingRE
mat&iel also trmkRerd Heat Hartdedtgedrendigy badhen tieChhieti ang thideuter

i nner and outer backing nmenbers 150, 160 can incl ude

elastrodesr 20nd30 prdhthe daner and G Ayter backing mempisnidAubd( AT he use of
ela%fqn?etr er{onﬁtﬁ:ggrggtér ﬁglt l?(&)'éiﬁ'lgit%#t@%%ﬁ%fflg—&%f '&H?gercirﬁgéjzllstsaﬁbly 100

uter elecC ache nner

s baekibéad) forsxaiblel Acamslofil@waiel @7 it ND. BRTBEST7 1oRich is

_~respectively with a thermally and electrically
ineasperated ihgeeiebysaferaped ia itseAdIeRy mat eri al (not shown).

OF AR RTEp SRRR SPL] b LR gl i

préfoebacitisoBed®@Thethedddl cdhtroINgerhberl0B lwit suiableSager@rs, &vhich can
thermal cycling. The bonding material also transfers

ber{argadeghplis) eaws, eathediker Hor Sampie dolthat shyn)£an be frserted in
t. i . .
hogeg éﬁ Fhr?gth&rrgﬁr?’g g(?@f"oi %rge(?nbf%g& %ﬁkgscrrgsed @[b:t{hre%ﬁgd Bé@lg?éétlﬁ the

use o astonerl

bablong infegnbenl 40.i The thermdl @olirsignérmlpeet102 incdudes adksund portion 184
el ectrode assenbly 100 is described, for exanple, in
and évprsFrably iisde ofa Backiaed Aetallis matealz surpas alinigym, 3n aluminum

[ t i f 04 ' .
allpPGEHRINGR! e 185G 0f B SEERBS, kilad b1 GRldEOYan atuminum
alloac The glasmaiedfinkhitnasseRbBf (of alafey ardhatphahtcthsteambBIREW AP)) 180 is

thermal control nmenber 102 with suitable fasteners,

positioned ewfvarily phihe shewerbend electipde agggmbly 10 eThe suitable plasma

cof Rl DR RIRAIGRY ARl bRl adin |1
cohNfiehaeie dingp €90 RARsdribel hechadishyDHwWIRANES. Batéht N 6,534,751,

thermal control nenber 102 includes a flexure portion
whighisgpeprperase deeaimby {efergnee IBAtsENHEORI ned netal | i c
terd q . i I
OSB3 AL PSR ZPATR AL N lnd o
assdmbly 6fIR@ 2 @inplsity dnuppat ¢legtrodENe0 hpheiagan Gafet elreradd 120, and

assenbl {{ épor waf er area plasm ass_en‘gl ¥ (MAF)% 180 i s

anoyterelesiade bifh adackiye srembse [ 4henmanrised QT asiwgte dgleor plate, and a
1 it fqi

2fREEL0, R ol iG] LRI RO 140XR Hso TR RATBLYond an
oupdr adge 1 Zlooff the) énentlectrag sl 20 9ich shatl e smigiditead king manberridg can be

owned U. S. Patent No. 5,534,751, which is.incorporated
usegbingtead pfan wner backwgimembes 184 and ap gutey b@@mg m?regersl 60 as shown
) . i Vi 1i )
nBIO0E TUCHREBETEI Nl g ely AT MAAAL |t asphown
FIGppeHosleeeat itede bd Afprbcintied thatthel quteredgd &21 ofxtle 20 eleatnede 120

an outer electrode 130, a backing nenber 140 conpri sed
capfave &) eringatignswhish ipnefeverticahd a

[0032] As shown in FIG. 3, the inner edge and the outer edge of the outer electrode 130
can include an inner surface and an outer surface, which are angled towards the lower
surface of the outer electrode. The inner and outer surfaces with the lower surface of the
outer electrode 130 can extend into the zone 102 at a greater depth than the lower surface
of the inner electrode 120. The inner surface of the outer electrode 130 can be described
as a step 111, as described in commonly owned U.S. Pat. No. 6,824,627, which is

incorporated herein by reference in its entirety. The step 111 is provided to control the
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guard ring 170. As shown in FIG 3, the backing nenber
140 can al so extend beyond an outer edge 121 of the

WORMSH048904ct r ode 120, such that a single backi RgT/E9&P22080
140 can be used instead of an inner backing nenber 150

S A B ShgRSS TR EASRS 2Bt By

prbdél@t»lﬁgﬂ The Mep 11 CAl pré‘f@ra%l}osvubsﬂaﬂtlﬁlyﬁhgﬁed iR \Bredgé ting 8fthe
be appreciated that the outer edge 121 of the inner

lowprdledtende (natohewn) Hwhie pasitigfieddnst guisiste, theedgsrofithe wafer. The
anélﬁe to%" El%l mne{ %91%34 d%ﬁ t?@{ﬁﬁgr éu'priag(l, gelpgeffntagg' e?\ggén £9GP15 and 85

er e er e
defeeb.ude an inner surface and an outer surface, mhlch

are angled towards the |ower surface of the ou

[083Y c t Inggeordanse wikihene expRpdinent, the opier elestroge; HOtlﬁ arqf%b'w
col rnfs@cggfzaoélluw?y §§% gfneﬁig &@ﬁ%@ﬁm@%&%ﬁo mg%&ébgﬁﬁj gl%gnet {h%ther

wft}h@ tlagiemert B@ﬁcﬁ@@@aﬂeﬂ@l ”ﬂ]’ﬁ@luﬂaﬁﬁf ofSgmente adw tforethe expansmn
outer electrode 130 can be described as a step 111

of desseuterriertiode d 30dumng pioarrsing\of 8 seimipondigsor sybgipate eyfhe
pr%cetsﬁn% %S'ne {H’go rlﬂlq %pﬁ&eﬁﬁhg 'Hrggt\? |¥ (_I][(r:_\ g&?ﬁ&g%ﬁ tﬁ? intn%r electrode 120

antl hl@ed@tﬁéﬂ dlactlde PBAsIhe fiterBackasy Member 150, tHeoueotbasidflg member
| oner surfaces durlﬁ pl asma proces&&g The step 111
160sansk the éﬂ%ﬂdlrylgslﬂﬁsf! hiemia the appegrp&ﬂe Hfbvia ﬂéﬁf“’él}l@@dﬂlpﬁ*@l

0F1; "t & RSB B s BT PR S BRRUBI T

enbddhert UnsaBewANIFIG &, eHét ﬁr(ﬁmlﬂié B’D{Els peefeabBf cifcalir iaving an
bet ween about 15 and 85 rees. [0033] In accordance

inggridipnegier Eirodianenter diameies ér(FEF edtrode 130 is
[0%53I gfiﬁ%b t53éh8\9£@ Efo%?gec(?lonﬁ VQ%\W 8 %ﬁal%fn%egﬁﬁ HG. 4 a (}I}lg the

he se are at 0 on€ anot her w

lingrs-&| AS kvt inCFTlBJ S¢lthe gunmtrétg EW0.is $heulid havirg dnyintdr diameter 171
segnents_all ow for the expansion of the outer

angdjag optes dRmesd [ddr me%rdﬁe@%wth@n@)ﬁmaog@ﬁib Shrdaergfiameter 171
of ?ﬁ{p a'}tﬂlﬁ% '15‘(?162?&35%@’3?@5 -to- gynﬁ,rS]lQ& %rd! IH%S Ipreferably about

essin rans rom In

166106616 nedges inhegndd vt préfeeabl e biemit 1l edeo ltﬁihei fortah etpbmbkmg
backi ng nmenber 150, the outer back g menber 160, and
merpRer diaking apioigr dizmetered abowsd 66301, 26 P &rches. aFhe ouger diameter

173 fo? tﬁegfa ?cgl'mg %;lﬂ%@bgpab&lp Y480 &l (5. Oébhlﬁ&%‘éﬁar@oﬁlgﬁ rp‘éél%}’gbly

I’n accordance one

abdet 9990toi1M. 0D Ghchéds, ahb engguipieterablngbdutQ 710$)0 pmcenfee faibdnylpper
circul ar having an inner dianpgeter 171 and
bagkigggieaber l;gvn(lg:p@utsg dlatng@g gf ahougs16.52Q %1,@6@) 1nches It can be

apg{egﬁagedftﬁéttttl? It %%’ngaﬁ'&%fdli Ged431 d ,,:1 ’/ré (ﬁghel %%r&’ tinE150 whil vary

own in e gudrd ring
depéifliingorc the outeadidneetérrod tieenbackingrmeard @ includingtid caer diameter
outer diameter 173. I n accordance with one enbodi nent,

of thecoyterrhacking apropber 1991

[0036] FIG. 6 shows a cross-sectional view of the guard ring 170 in accordance with
another embodiment. As shown in FIG. 6, the guard ring 170 preferably has a rectangular
cross-section comprised of the inner edge 172, the outer edge 174, the lower surface 176
and the upper surface 178. The inner edge 172 and the outer edge 174 preferably have a
height 177 of about 0.380 to 0.394 inches, and more preferably about .384 to .390 inches
and most preferably about 0.387 inches, and a width 179 of about 0.140 to 0.150 inches,
and more preferably about 0.142 and 0.147 inches, and most preferably about 0.145
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of the guard ring 170 is preferably 16.695 to 16. 725
i nches, and nore preferably about 16.705 to 16.71

WO Rp3043604nd npst preferably about 16.710 |nchE§T/1U§¥00§(H22080
upper backi ng nenber having an outer dianeter of about

méh%s6 Oactc8rd]agce6\gglé Re ())/dla oug}}étlcgﬁbeg%ﬁ{ﬁfe%t%égneqfedQ@WZ the

era

oultéﬁﬂéhgé 174 I‘ﬂl@b loveesifRt eraking thdepper 14290 78 arelptefeidbly rounded
i nches, and nost preferably about 17.000 inches for an

haygerrading RE h@wmrmt A&¢S aad BA 18 inches. dit sabeaPRsecialpé that the
heflg?rt QP widin 1579648 df g rd {Jég ‘f?(?lc?#leva?}? géﬁeﬁh%e& the ﬁ%lght and

I nner and odter

width6f the BaoMidd mymbst ﬁl@ﬂﬁﬂddlﬁg tirhdigie and bﬁthediuambh@l{mg)hember
t he backi ng nenber 140 including the outer dianeter of

160he outer backi ng menber 160. [0036] FIG 6 shows a

[0&; e’%ﬂon chés %natl U%wgd(ytaa neéj(}r{lbrggf t;hg %u {ef electﬁ)c& 110 and

nce Wlt ano er e

baﬁkmg h&:nﬂiéﬁfldo havigg 4 gRardirigel7aBhirolnatingithe @Qted backidg member 160
cross-section conprised of the inner edge 172, the

in gegasdansg yathiong embedimenhe As showm el 1476, ﬁlﬁcgu@wderlnﬂob@r surrounds

e T

positiohédor @nttréaround ﬁf @Ita’&ldge 464 uf theddter backivhehtben £60. The
and nost preferably about 0.387 inches, and a w dth

guardying 1 Hasranonnes 6dge| &, aouichedassl 74amiprssarface 176, and an
B EOEE1 15 SRR D el ATt Lol 05 Py g

baeﬂh@(ﬁld’t\iﬂfﬁ 160 hed the e sdget Mashéd feard nﬂgﬂ7edgﬁe gﬂzﬁd ring 170 is
the outer edge 174, the lower surface 176, and

prefgrably asutaredounb it ostes edgceadpfithe @Wﬁﬁ'@a&km\mﬁgb%r 160 through a

en about 0.025 and 0.010 inches. It can
ceét%ﬂhgglreg%flg Ldé\et hat the height and width 177, 179 of

[0038] dwadrtbe Appaeclatéd that) theaguardidng N7 Oh hli‘behfwed‘lz&b@xﬁd the outer
and wi dth of the backing nenber 140 jncluding t
edpeil ¢hef tha @uisr b@wgﬂ@@berb&&«smg hpnigble cepgring ebgrppt 210 with a

a
soihg 2 hriaP IR Byt §ESaREAkANBtc dbth2a0] MY 81, 7, the
out?ergalaéltldg frienﬂ)eﬂ. Y60 praferablndtichgiet b@hoalitgof halek bﬂgawm‘stﬁflﬁ_ which
i n accordance with eine enbodi nent . sho

arw@pteﬂ to E?F@“@L}B‘F genHSTHNg elemend ¢l P Gisatae @nsug@rvg]@m?@ the
ou@@ggé r : Ca gut@f Bgc%rgﬁh%mbecr 1%8%ht %Edﬁﬂeﬂéaﬁp ‘T72 of the éruard ring

conc posi t or centered arou
1760 Jhe hokes of cdvitesRIReavd adlsamtgerrm Apehich 6dslightle lzg“ge‘lftﬂan the outer
ring 170 has an inner ed an quter edge 17

digrasigr ofshs F%@lmemﬁmalﬁn Tbﬁ 5@?&%&& dement 23835 ;@G?PFWE control
th%glﬂﬁﬁggbﬁ&h L0 %@% %: ffﬂgof‘?h'é &lte Em%% ncﬂ§ert1|36 a4 jnner

cking ne i nner e t he guar
edpgé 72 4f7de ghind rijgal 79 durring tHerhal &ppnﬁémalaﬁbrycom&attmmrf the upper
el%rgggf g} | ne Ouﬁ(ﬁlrg n?gr%l?erllgg agzi tﬁehgeua? ;u?gr 1 OacllﬁI arglgltlonngne 1r1pper
radial gap (or outer gap) 244 exists between the outer edge 174 of the guard ring 170 and
an inner edge 182 of the plasma confinement assembly 180.
[0039] As shown in FIG. 7, the guard ring 170 can be positioned directly on an upper
surface 138 of the outer electrode 130 and concentrically centered around the backing
member 140 via the centering element 210. The radial gap 244 between the outer edge
174 of the guard ring 170 and the inner edge 182 of the confinement assembly 180 is

preferably maintained at a consistent distance, such that the system 100 is operable over a
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centering elenment 210. [0038] It can be appreC|ated
that, the guard ring 170 can be centered around t

WQ3p0s(043604e 164 of the outer backing nmember 145CE’§]|SH{97/322080
suitable centering elenent 210 with a spring, a

brizgc{ %ﬁ%%aitllk(rg %gé &lslcﬁr &H%e%{cgrﬁél %ﬁtﬁ!@ gércforr%r%a%@? ?@rdggl(?se and

providésthalysterh 100 wdesimpreledrpatfoifaret. hol es or cavities
212, which are adapted to receive the centering

[084Q) rdm pocpidpnge &atbms eﬁ}l?ofhrﬁ'??élf g apyter ouliygepedh Cminclude a lower

raffd B> SR 3EToBr 1 SR PE 1098, ABGD B, 221 Bkl e
om:a\edge ¢34 3fltAc lbatce eEctdd)MBlOemd Udinnehedgh 183 of thegohfigement

er than the outer dianeter of the centerjng
asmr@tﬁt& A80.2The unpes redizlgap i2Ad) ishedyvesi the Peter §d%¢dldﬁ[<§dhq guard ring

RS SIS 08 i B 20
fogw 60(01 ninh Bppek Eectiudd ngerhblgrwitl prefispdhshaye aﬁm@ba’f radial gap 244 of
contraction of the upper electrode 110, the backing

0.93%90810.0378 inghes.tand nia peefernbly abows 0.035 inghastiefase expansion and
co Rfor kPR Rl Ko A0 S0 LIS FRERE 221

pr&ﬁi‘abd)jf bé iihbup DAs8%o 6.060 irthes;and ansepiofeyablPAbolt OB indes.

in FIG 7, the guard ring 170 can be positioned
lﬂeﬂleé& ¢ap b@ﬁpawcwfﬁﬂéhatsaa A g Ofg@e @ffefq%n@mr@} used for the upper

g8 9950018 0 RSN LB e B SIEEY BU Mg o

24maﬂdalhe WwaRr 24dal lpap BAE Cart Viy dulxtn@g opfﬁi@ﬁ)n]cﬁ"lth@éystdm HUWedar it
ring 170 and the 1 nner edge 182 of the confinene

cap bg @ﬁﬁqeyla@éoha@y@ﬂémsr%gvr%n& f29.ribgididference 6?1@% 9<émolled

t I e
s R SR 0L Ve e oy AR T LTl operating
tegperapueest or mance during use and provides the system 100

with _inproved performance. [0040] | n accordance wth
IO%?d éh%adaer?@a{waéﬁﬁl tB%&thf gyardirng lé%bs pzaf% made frgeethg same

A e
astdmblpuBer Aelkkewi odEIGL 3cha mdnﬁxlirﬁnenm lsem@gEBOl‘Bﬂl lm‘vetaherger

confinenent assenbly per radial. gap
digraetaewan fh?@%ﬂtd&m%rgwﬁomh%guam Bng |} 49- dDPPH% u&em %ﬂ%ﬁtlon of

thérEﬁsﬁlQ @ﬁe{ml?éi{gtﬁe %ﬁ%d%f 41 fegpﬁgfs %g@%:ﬁfa%ﬁ@ la)ém]'l%g r%;e as the

e upper radial gap upper electro
coaﬁsmmityassmﬂkily b8 einehudivgythé plueal ay ofippdime madi ddgsg®0 (ﬁdtélshown).
of 0.0325 to 037 nches, nor e preferabl
Thys oepnsistapbead B’éfééﬁ’ 24¢es§5%41§ﬁa5w3 gﬁavees he gard Be 670 ﬁwgthe
o REb 6o P e R b Sl i her  road
tempahese rangel whoclepiovefes carsisfera igasiflow potfdrmancbes. [ 0041]
[O{Ifh]f g?gbeb%éq:eq%&?é &g@fglha%%? grﬁ:g v{{}a-zgtl}et err?l];odlment the guard ring

170 is made of a material, which has a low coefficient of thermal expansion (CTE), which

is dimensionally stable over a broad temperature range. Altematively, the guard ring 170
and the confinement assembly 180 (including the plurality of confinement rings 190) can
be made of different materials, which have a similar coefficient of thermal expansion and
wherein the material has electrically insulative or dielectric material properties. In use,

the guard ring 170 minimizes the variation in the radial gap 244 between the guard ring
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el ectrode 110 and the backi ng nmenber 140 and the guard
ri n% 170, the upper radial gap 244 and the lo

WO NS84 242 can vary during operation of tﬁgT/USZOWOZZOSO
system However, it can be appreciated that by addi ng

17‘9%@ ﬁ%h@grét]aégemﬁll&ﬁ?ﬁbEElgEiﬁg‘iﬁe ﬁ‘g&l@? dF gllr}lhlgtﬂ‘(l: 15 190)

duoing rchmgmg)apbrait&mndftlonpemtam thg chamieer at ur es. [ 0042]
It can be apprem ated t hat thq@guard ring 170.is
(0034t lnpsegrdancgevith yrathes embagdineahiths fadjal gep &4 isdarge epgugh to

e f
osSR URE L 8RPAIL PR IRF O ST AT ARD RN REREBurti
of@Sﬁﬁm’éiheht 180s ¥90)ldohay eadeallyasogaict sHeaitdttet uhiderthd dvgnbined effect
outer dianeter 173 of the guard ring, 170. During_ use

of grorgfsasempyHagnring lgpncemad woistsase mtSﬁhglgn%md I a%thnz the

B RO ARAFL oL ST LB Sl U

lowR fositte i thid 41g6 oﬂtﬂ@ pfdeess @b @Mom) pattl Fooptimal clizsitst ent
radi al gap 240 is nmintai ned between the guard ring
perfpomaigg. t he confi nenent asserrbl y 180 i ncluding the
[
OBt B, BRGS0 By Ko Y At o
elgperotle bagkigememBOABI0 dah beamnhmap Bmﬁﬁﬂhaﬁ the tdlélahcds ’ran be better
accordance wi th one enbodi nent, the guard ring 170 s

copigalledyrAnsetiaret above, thpmasr gaps2dp is Wi fetablyconfigired sech that the
gutdbe{lﬁg mz;ﬂéh r bl mVéMbEP14%1%&%9&15@\?Fédté(ct%hé‘%&her
over roa t enper at ur range ternat

dugingee.r It egn B’ CarebiechppheziatatthbnignmaintAsiag i 1y1nér@p 200 between
(including the plurality of confinenent rings 19

thyutgieisedio4 of feequésrtbapiing meabsr 1ohandithg dnper sd&q Hl) %frthe guard
ri Offofth&'c%ﬁfacpé td%%"vﬂﬁi' SXRATR ?d??tﬁﬂ&i Yhaf; gﬁ%}nl:llﬂﬁm a worst case

eri al as e ectrlca 'y 1 nsu I've or |e

marRifetirdlg tplepdee ah@s wokdt ciseemishlignngsndr Th additipn] #Gan be
mnimzes the variation in the radial gap 244 hetween

appresiagadinel Gonkghirewasitthe hackinmmembae O andsbeapard Tigg can be

avéldrelﬁ 'dHHh thehlig &gﬁﬁsﬂl Sl E{eh@gmtclq W@Rﬂe‘%qlto over the
urlngcanglng peralngc Fons w then e

syahmﬁbperan{\g)%ge Innadalitoomy; dmgmardmmgﬂmmtrimarzee tieodewdmnitor

t he radi al 244 is | arge epough to assure that the
exae%%ogﬁ ﬁgpnemle?ﬁe %ﬁaeckewwﬂ ?féﬁf‘ 0 quterFpTY) arfg ace to free

ra&hﬁlcalnﬁ 36@%&1%&%1‘1’{@'%4 nylaﬁfla C@'H‘cb&a Ll BSe xélgﬁ’t for a
y contact one another under the conbine

baelhﬁg memifer \M;(D sémprased offahmiiaah)ithe mmﬁatnba ofi aluenimnd flworidé on the
case gnment . In additign, the di al . gap, 244
Suff?‘iﬁ e, %Pkﬂﬂﬂ Wembefsl4Q can R fEMItgse! angfaromniiged ¢ he

O g e R T AR RIS u ) FauBapd Between

| the @M&}mg n76dad tHesnppdrhieg npwtr alectyoaqe’ Qﬁlﬁcdiresuﬁﬁlem, suble that the

gugrda ring Honganlngtegtqge gypeosg(i) E?ond lines between the silicon upper electrode
110 and the backing plate or member 140 from eroding affects of free radical and ion
bombardment of the plasma. In addition, it can be appreciated that the guard ring 170
can also minimize or eliminate process gases from flowing through the exposed bond line
to optimize chamber performance.

[0047] In accordance with another embodiment, the guard ring 170 can also minimize

the axial gap between the guard ring 170 and the thermal control member 102. It can be
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el ectrode backi ng nenber 140 can be m ni m zed, such
that the tol erances can be better controll ed.

As set
WOHBH4¥Mbve, the inner gap 200 is preferably PCT/US2007/022080
configured such that the guard ring 170 and the upper

J t

apgﬁe?c aﬁegpthgetﬁb gltlar 1%gd120 %gltl al{gg gnauglgilée/% (?x&)t%g%% t°|§ ﬂi%e%l?ﬁgé gfet'he
théfdal taiti] Rgenitee 102 Refrecd@Bicd0ihdieh BERBardRRnOoH BE pa@@l@

164 of the outer backing nenber 160 and the inner ed
[0848] om atcmrdgmp&rwlr 3 Agtheremberiment theadditioamf @@lavbm%gm to the

L udi

oA ORI TR L5 LD 8a A7 S
faétﬁrs&ﬁﬁ letiin@ihte Elect€iadl absin n%bppl@ﬁh@hgﬁi d}i‘lﬁitwééiﬁheﬁpper electrode

bet ween t he backi ng 140 and the guard ring can
baglsing yasingheg 14¢) an%gletcﬁ@ﬁme%;apah K¥®bn of the upper
[Ogjl I%I%g% SB Is(lagghs %%B%IJVA}QW %rﬁlre tugxed r?jx)/g? fneeﬁ'é(lr%)nce with

g r nge I on uar

anBihet BinBediniche Ad owmiatG. 8RO uLre rof IUthasJﬂD@ﬂgled lower edge
el ectrode backi ng nmenbers 140 outer circul ar surface

1754 or ehaanfergdiserfnced atending Horbide dnsnedgst 1 121e thy leyiensurfage 176.

TR RS T O AR oE TR AR rr b e ARG TR R 0332 0

Fise or’ma alu

0. 37Mabhé§earﬂrmbﬁq)réﬂéfafo@6zﬂao@f 0842 tdR862 figherandanost peefer@bly about
be elimnated and/or m nim zed. 50046 The guard rin

0.3520inpkesanign wislth 679 phabeny @ 169 tad-1 54 inghes. and/masq prefesriiy about
0. szz‘ %114'}1%0196%85&1 r%ﬁ%r %fngmgg{é{;ﬁ tli @Qﬁﬁel'ﬂﬁ alﬁgl%ﬁrlower edge

rode s’siticon ace guaré Ting

175 €@n eR@end roheBE iffke edpepiozad thxosider ddge s 74 edruadiftaiidesdf about
silicon upper electrode 110 and the backing plate or

0.0f¢hted)- 1 smdfmermpeaterablygpbant @ EQGansk fofmean angle wath thgmner edge

of agg OQRHQQ‘E:(%.@%E%Q Qif ele?searqu xréaprefle gﬂzﬁ;ou g(?de I'ECSC &}H a?c%rdance

recl a e guar ri ng

wigh oid ¢mbdtﬁxhentpﬂrecceﬁ&rgm5erf the el edgeniy2t ﬁfe@ugda etlgelm the
exposed bond line to optimze chanber performance

loweosmriace 76 decovrpsnswfase A8 e tthreanglotowenedae, | 7tage preferably
B0t s SR AL IPUTLO DS fad 916 SRR BB

thé toraanwhaa iy iandraidgel 1 Thadd the ¢ovaeraidge 17 ghedt/ theCdmerlisbudes an
m nimze exposure of the surface of the thernal

edge hreak of ARgHh £/00F apches maxwaup.adi cal and i on bombar dnent

[Oeérpdozﬁ(}o b%ﬁg@ ak%gd'g%ctloﬂal &959328@10\‘}“0?% i\J}J Elgﬁkode 110 and

ment, Ion a gu rrng

bapkiag mnttiee m4@ hmbgn gaand ringe 70 aﬁkblﬁlgilm@ﬂb&iterllﬁﬁ)er Badkinyy
controlling all the above factors can elim.n

membg160) élaPCCé?FQﬁnﬁ@Wé}P appthenembodiment, fsshowadn F{@e9 ppoBistem
tr

oGl g A DTSRG o 6,004 1, GRORARET gt

exgmarn@ from thel innéredge d2hwethwddwer sodhdeel7 6eofhiodgumed ting A30. A
shown in FIG 8, the guard rjing 170 has an angled

centgiiag e@g@gt 210 in'the form of a circular ring 230 1s positioned between the outer

edge 164 of the outer electrode 160 and the angled lower edge 175 of the guard ring 170

and is positioned on an upper surface 138 of the outer electrode 130. The circular ring

230 1s preferably a hollow ring made of Teflon® (polytetrafluoroethylene (PTFE)), a

fluoropolymer material, a polyimide, such a Vespel®, or other suitable polymeric or

polymeric-like material. It can be appreciated that if a PDFE material cannot be utilized

due to other factors, a material with the lowest coefficient of friction is preferred. The

circular ring 230 is utilized to maintain a uniform gap 200 between the outer backing
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20

175 (or chanfered surface) extending fromthe inner
172 to the | ower surface 176. The i nner ed%e 172

‘Vgﬁawﬂﬂgmﬁuter edge 174 preferably have a hei gRET/P3700322080
about 0.332 to 0.372 inches, and nore preferably about

m«lg)nrl]g’ Lpanh?h n%?é?(?ﬂh%??@ibfgﬂ ﬁ}e%g c1r?ﬁr§fei%@ tl%b@égi ang3 ?’?O during

thérfeh Eﬁpanﬁbd af® eentRicabe btk baelity inethbédandathe glarli4ihg 170 during
i nches, and nost preferably about 0.145 inches. The
usgngl ed | ower edge 175 can extend fromthe inner edge

to the ter. i St. f
10800 i S EOREbORrRLp SR HLRTIC. 8GR ine 170
réf@famssy dds alag}eet M lichupofi€hd ﬁl?féf s&ﬂ@@ 198 oaﬂﬁn@pemcﬁw ehdetrode
70 degrees and nore preferably about 60 degrees. In

1 19c tH} dHecangld beatwesiesusiaprsdl Tde h1S, apd élecgaprbéwseenévm 176 and
13t8r11 g@ﬂﬁ%e@%%ﬁ&rz%urfg&el 7%%#0% n&q gn}eqﬁto 3 under all

SuY § e upper surtace , he "ang

thérea® en e adcéToadiCiony. €t edrebd ap amekedlahﬂw icitgular flﬁ@%@can also
of between about 0.025 and 0.010. It can be

blegknngdingtod gighher gastlopheatle &1 the ippgrelestrofe berthand the guter conical
suéf%geé gﬁﬁchos}rﬁgeell S t‘ﬁ‘§ rug@g%?ecézgcbgg id from gﬁﬁgﬁ&ﬁaﬁ ranh n(%tlgcgﬁardment

erddién oﬂhs plemaa i idiisors @it pedts the appeafeledtiodd backingdplate outer
t he upper electrode 110 and backi ng nmenmber 140 havi ng

sugfagq fip fraeradigal@nd ior m%ﬁrﬁ@er&ﬁxew fromdhe plaamri H¢ Msociated
zﬂﬁﬁﬂmg{ﬂ&gg$éﬁngﬁﬁ@rdance with anot her enbodi ment. As
shown in ,

he systemincludes a guard ring 170

[0062]h Bie pro@heihvbmys hae Been dekbriedr with asférenetoprsfeaed)
extending fromthe inner edge 172 to the | ower surface .
embpgira¢nts. hdoyearait wilkh§e 1epdily Appasert &9 thege iillerdbintthoany thayit is

po%ﬂgle é&d 1%58{%9 g(%ni\éejlﬂ t?n} {Pecf’ic%ggng hgr(h?iﬁr{ 5 O%ggrllg)e%tcﬁ\ﬁ?ggwnhout

outer ectrode
depiring dronoiespRil € the dhvedtioh NFh@ prefeirad engbolifferdfisliliustrative and
positi oned on an upper surface 138 of the outer
shayld ot brieonpigredmgairietivecin|agy waynd he seppef ghesingeniipmyis given by the

t
apPRde S S MBI LdANe desdriRloN] S A 14120105 IR Efibalens,
whiels fidl \(/itl)m tled ra@gdref the vlaira)lace endedto e @nbraced therem.
polyneric-like material. It can be appreciated that if
a PDFE material cannot be utilized due to other
factors, a material with the | owest coefficient of
friction is preferred. The circular ring 230 is
utilized to nmaintain a uni formgap 200 between the
out er backi ngmenber and the guard ring 170 about the
full circunference of the guard ring 170 during
t hermal expansi on and contraction of the backing
menber and the guard ring 170 during use. [0051] In
accordance with the enbodi ment as shown in FIG 9, the
guard ring 170 preferably does not rest or lie upon
t he upper surface 138 of the upper or outer electrode
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110, 130. The angl e between surfaces 172, 175, and the

gag bet ween surfaces 176 and 138 are optim zed to
WQ2M($0484r f ace 176 does not touch or come i nt BCEGREWEN22080

under all thermal and tol erance conditions. It can be

-]t .the circular ring 230 can al so bl ock

“@ﬁgfﬁsﬁg”gﬁug' " or gas flow path to the upper

el ect.r odeapeRretrédtchstdhebl P Wdrer pledid featticilihafber udiigh

shi el ds the upper electrode_%ond fromfree radical and
semagPnduetpaulaEde PECESHIECApPIisHE: pl asma. | n addi ti on,

this the upper el ectrode backing plate outer

surﬁg@%$%$§%$5¥@é radi cal and ion bonbardment exposure

f r ora bdeRing|rachar, the Bacidsoiefibetattlchidbltoan hpper sukice of the

formati on. [0052] The present invention has been
uppeseitingdg; #d h ref erence to preferred embodi ments.

Howeve [ ' [ - j

- g htroufing B ey s FRRBFLFL thahe RRAUEEb] Bared
abbiie thieabér surfacd sBthoUpper eldaodas descri bed above

W t hout departing fromthe spirit of the invention.

The preferred enbodinment is illustrative and shoul d

not e c [ r g Gt I : - .

t he il?nven [ oaggelrngﬁﬁ iosgﬁlarl’lg;l ’It“)l’fll greé’gé@ﬁﬁ%%lr al grg?ésgsgfﬁfe@aﬂz’ (®)
thé baskidd@eRbacRebisg of eR@dinihiop Bn afdnmah lall¥@r(t pthe @pperasiéttrode

equi val ents, which fall within the range of the

cogsiafis @ singleecrysial silisen and/obed) ditpimpeeelcetradediompygpsran igner
ALNMVED, | S 1. el ectrode assenbly for a plasm
‘ﬂétgg?ﬁ%%mbwgﬁﬁgégﬁggd i n sem conductor substrate
processi ng conprising: an upper el ectrode; a backing
menber, the backing nenber attachable to an_upp

surflace ofheraseenalyof Claimch mdgesin te@puias elsgirade mr:ﬁées a plurality
or UL HO A UL STk AR R RESH PR HRGcA

inetfacd 6fadeh olthe PphaaltypErbingered. C ai m 1, wherein; (a)
the outer ring consists of quartz; (b) the backing
nmenber consists of alum num or an alum num all oy; (c)

h | s o0 . |
ana/br ¢ BERETSr CRRR 7 bhofn TRl Sadi hiBinbSt ddrifHies an

infdrdatking theaiddr amd L6 REr RkcRBE hisieberb) 4 bendifg atikbdrial aftaches the
Claim2, wherein the outer electrode includes_a

uppeisusiare 9f e uppeyiplasireds tythe Racking wgmber; and/et (<) dhe wnpsy
' i ! f t interf f
cIAO s SEMEELBAPUREE L A0S % MThe assenbl y of

Caiml1l, wherein: (a) the backing nenber conprises an
5. The assembly of Claim 1, wherein the outer ring has a rectangular cross

section.

6. The assembly of Claim 1, wherein the outer ring has an inner periphery

which includes an upper vertical surface and a lower inclined surface.

7. The assembly of Claim 1, wherein a lower surface of the outer ring

extends outwardly of the upper surface of the upper electrode.

8. The assembly of Claim 7, wherein: (a) the outer ring has a generally

rectangular cross-section; (b) the backing member consists of aluminum or an aluminum
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i nner backi ng nenber and an outer backi ng nenber; (b)
a bondi ng mat eri al attaches the upper surface of t
c

he
WQRHEP4R0Ect rode to the backi ng menber; and/ or PEEUSE|E022080
upper el ectrode consists of single crystal silicon. 5.

he, . [ , r ai [ . .
R R
quafgrei n the outer ring has an inner periphery which

i ncl udes an upper vertical surface and a | ower

inclined surface. 7. The assenbly of Caim1, wherein

o L0 R0 S A i
cha@berhsky ifenfitiductor swhighRiprocebsng tvheretithe electrode dx8embly

~general ly rectangul ar cross-section; (b) the backing .

mawﬂ@earsh@ryﬁmesd glegirods hontled,to abackinganembes and r(coyfingmgt ring
| act . . Rt 4/

s} GBI ol SRR AR Pl 7

for ausfrd Ain@borElgRedd o de baswenah Yurt péripteasofthe dackih®member
chanber used in_sem conductor substrate processing
angjaa fiwsien petighesy etthe sorfinespahiing assamblyd ey snashonghaangia lower

ect band t [ confi nement
oA B8RS PR MRt RO PR Moecry ' The

guard ring conprising: a guard ring configured to fit
bet ween an outer.perigherg of the backi ng nmenper and

an iifner Berguarbiing of Clapa D cwheremdhe giard rig 159k@stzand
: j [ : dapted t

or 3 BRERE (o LR Bp kP BB fiBeacabted Lo
The guard ring of CAaim9, wherein the guard ring is

of ggartz and optionally includes a coating on an
i nndrl. perA pregogd aficentenng a gyard ingroid adrackidginagmbegy of an

BB A e S MR led G G o
geftrariplae ingdadnt @edtvhathempémsed i sendicgldusion sulsaatel on

chanber used i n senm conductor substrate processing,
progessipptthoMethodsPMPrifge: posi ti oni ng the guard ring

aro ...an: . .

o PRIy O5 ) ah PSS TR B e ac

thatprewessiitfad€ of e guind ringnsier]ds ag uppetaurfick of The upir ktedtrode.
of Caim1l, further conprising installing the
el ectrode assenbly in the plasma chanber. 13. A nethod

g;agggfesﬂquetﬁo&mﬁﬂmwfﬁﬂseé&m{sﬁ;gqnmﬂgmheaagamde

assembly in the plasma chamber.

13. A method of processing a semiconductor substrate in a plasma chamber
including the electrode assembly of Claim 1, comprising:

supporting a semiconductor substrate on a lower electrode in the plasma chamber,
the lower electrode being separated from the upper electrode by a gap;

supplying process gas into the gap and energizing the process gas into a plasma;
and

processing the semiconductor substrate with the plasma.

14.  The method of Claim 13, wherein the plasma is confined in the gap by a

plasma confinement ring assembly and during the processing the outer ring maintains a
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i ncluding the el ectrode assenbly of Caiml,
conprising: supporting a sem conductor substrate o
WOl

n a
4¥0%ctrode in the plasma chanber, the | oRel/US2007/022080
el ectrode bei ng separated fromthe upper el ectrode by

prgdegeqﬁfine%uﬁﬁ%%ée%tv%e%c[ﬁes Sledftie! A et gncgﬁl% pmg-na confinement ring
ener gl zi ng € process gas 1nto a plasna; "an
as§¥niilgssi ng the sem conductor substrate with the

pl asma. 14. The nethod of O aim 13, wherein the plasma

is confined in the gap by a plasma confinenent ring

ass 'y ' r [ : '

oo £ PPN DR 2L FE5RL 09 OE b hght 08 pasma rom
attatigff fednd Yeavdeh Yhehudkingendahtsed aAd eenippeestestiodel ng

assenbly. 15. The nethod of Claim 13, wherein the

outer ring prevents the plasma from attacki ng the bond

bet t ' - 1
D51 5T R A DB AO B RSl S faoma
et¢hiir i ses plasma etching. 17. The nmethod of O aim 13,

wherein during the processing an RP bias is applied to
t he sem conductor substrate. 18. The nethod of Caim

L3, e o O A0SR AR s

appliéd® thé sdrhicomdurorBulsstrafe. nenent ring assenbly. 19. The
nmet hod of Claim 14, wherein the outer ring and the
confinement rings of the plasma confinenent ring

assepdl Y A EnQhodfEfafn 13, wherein during the processing the outer ring

thermally expands at the same rate as the confinement rings of the plasma confinement

ring assembly.

19.  The method of Claim 14, wherein the outer ring and the confinement rings

of the plasma confinement ring assembly are of quartz.
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